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Management of Grain Discoloration of Rice with
Solvent-Free EC Formulations of Neem and Pungam Oils
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Neemandpungamoil-basedemulsifiableconcentrate(EC) formulationsdevelopedat Tamil
NaduAgriculturalUniversitywereevaluatedfor their efficacy to inhibit themycelialgrowth
of thefungi Helminthosporium oryzae andPyricularia oryzae causinggraindiscolorationon
rice underin vitro conditions. All threeformulations,viz., neemoil 60 EC (aceticacid),
neemoil 60 EC (citric acid) and neemoil + pungamoil 60 EC (citric acid), inhibited
mycelialgrowth of thepathogens;they wereeffective evenafter9 monthsof storage.These
formulationseffectively controlledthegraindiscolorationon rice.
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Rice(Oryza sativa L.) suffersfrom anumber
of fungal, bacterialand viral diseases.Among
the fungal diseasesgrain discoloration is one
of the major limiting factors in rice produc-
tion andis causedby Cochliobolus miyabeanus
(Helminthosporium oryzae, Drechslera oryzae),
Drechslera sp., Pyricularia oryzae, Alternaria
padwickii, Gibberella fujikuroi, G. zeae, Ni-
grospora spp.,Epicoccum spp.,Curvularia spp.,
Phoma sorghina, Alternaria spp. and Helico-
ceras oryzae (12). Several methodshave been
used for the control of diseasesand among
themchemicalcontrolhasbeenthemostwidely
adoptedin many countries.However, indiscrimi-
nateuseof variousplantprotectionchemicalshas
causedenvironmentalhazardsandit is preferable
to find alternatesources(15). The last two
decadeshave witnesseda tremendousinterestin
investigationsof botanicalsas sourcesof pest
control materialsandaspossiblealternatives to
chemicalfungicides(5,11). Neemhasemerged
as a prominent plant specieshaving potential
pesticidalpropertiesamong several such plant
speciesknown to mankind. The ingredients
of neemhave beenwell documentedfor their

efficacy in controlling cropdiseases(6,7,13,14).
Pungamleaf extract inhibitedsporegermination
andmycelialgrowth of ricebrown spotpathogen,
Drechslera oryzae (2).

Eventoday, many workersin Indiaandother
developingcountriesareusing leaf, seedkernel
or cake extractsand oils as such for crop pest
management. Preparationof these materials
is time-consumingand moreover, oils as such
cannot be stored for a long time becauseof
thepossibledevelopmentof rancidity, leadingto
reductionin their efficacy. An EC formulation
in which neemandpungamoils could maintain
their efficacy for a considerablelength of time
would be ideal in the managementof crop dis-
eases. Furthermore,such a preparationwould
be easilymiscible in waterbeforespraying. In
the presentstudy we testedEC formulationsof
neemoil (NO) andpungamoil (PO),developed
jointly by the Departmentsof Plant Pathology
andAgricultural Entomology, TNAU, Coimbat-
ore. Theeffectsof theseformulationson sheath
rot diseaseof rice andits causative agent,Saro-
cladium oryzae, have been investigatedprevi-
ously (10). In the presentwork we investigated
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theseformulationsfor their efficacy in inhibit-
ing thegrowth of Helminthosporium oryzae and
Pyricularia oryzae, the major fungal pathogens
causinggraindiscolorationof rice,underin vitro
conditionsat periodicintervals after preparation
(shelf life), and demonstratedtheir efficacy in
controllinggraindiscolorationof riceunderfield
conditions.

One isolate each of H. oryzae and of P.
oryzae was obtainedfrom infected rice grains
usinga potato-dextroseagarmedium.Thethree
formulationsused,NO 60 EC (A=acetic acid),
NO 60EC(C=citricacid)andNO+PO60EC(C)
aswell as their testingfor shelf life at fixed in-
tervals,have beendescribedin detail previously
(10). Laboratoryevaluationof the formulations
wasdoneasdescribedpreviously (11).

Three field trials were conducted: one
at the Paddy Breeding Station, Coimbatore,

Tamil Nadu(India)duringKharif (July–October)
1996; and two at the Rice ResearchStation,
Tirur, Tamil Nadu during the Kharif and Rabi
(November–March) seasonsof 1996-97. The
cultivars usedwere Co-43 at Tirur and IR-50
at Coimbatore. Plot size was 5m x 3m with
four replicationsper treatmentin a randomized
block design. The formulationswere sprayed
at 3% at 10-dayintervals from panicleinitiation
to maturity, for a total of four sprayings;plants
sprayedat thesametimewith 0.1%carbendazim
servedasastandardcheck,andplotswithoutany
sprayweremaintainedascontrol. Observations
on diseaseincidenceweremadeoneweekafter
thelastspraybyselecting25hills atrandomfrom
eachplot andratingindividual panicleson a 0–9
scale(1). Percentdiseaseincidence(PDI) was
calculatedusingtheformula(8):
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The PDI valuesunderwentarcsinetransfor-
mation. The data were analyzedstatistically
usingDuncan’s multiple rangetest(DMRT) (3).

In laboratoryevaluationsall three EC for-
mulations significantly inhibited the mycelial
growth of H. oryzae andP. oryzae (Table1). The
growth of H. oryzae was considerablyreduced
by NO+PO 60 EC (C). We recordeda radial
mycelial growth of 2.8, 2.6, 3.0, 2.2 and2.6 cm
as against8.8–9.0cm in control at 0, 60, 120,
180 and270 daysof storage,respectively. The
growth of H. oryzae in platesincorporatedwith
a freshly preparedformulation NO 60 EC (A)
(0 day of storage)and a formulation storedup
to 9 monthswas 5.4 and 5.2 cm, respectively,
as against9.0 and 8.8 cm in the control. NO
60 EC (A) inhibited the growth of P. oryzae
moreeffectively thanthetwo otherformulations,
viz., NO 60 EC (C) and NO+PO 60 EC (C);
we registeredfor NO 60 EC (A) radialmycelial
growth of 2.0,1.8,2.1,2.2and1.9cm asagainst
2.6–2.8cm for NO 60 EC (C) and 2.8–3.0cm
for NO+PO 60 EC (C), respectively, at 0, 60,
120,180and270daysof storage.Controlvalues
rangedfrom 8.4to 8.6cm.

In the field trial at Coimbatore(Table 2),

NO+PO 60 EC (C) significantly reducedgrain
discoloration,with the minimum PDI of 2.1 as
against5.6 in control. ThePDI recordedby NO
60 EC (A) was3.0 andit wascomparablewith
NO 60EC(C) andcarbendazim.At Tirur, during
Kharif seasonNO 60 EC (C) showed the lowest
PDI of 3.9, which wason par with the effect of
NO 60EC(A), whereasNO+POEC(C) wasnot
significantlydifferent from the control. During
Rabi seasonat Tirur, the minimum PDI of 10.6
wasregisteredby NO 60 EC (C) and it wason
parwith NO 60 EC (A) andNO+PO60 EC (C).
Therewasno significantdifferencebetweenthe
PDI recordedfor carbendazimandcontrolduring
Rabiseasonat Tirur.

Antifungal properties have been demon-
stratedin different partsof variousplants,viz.,
leaves, seeds,cakes, etc., but it is difficult to
usethem for large-scalefield applicationsince
their preparationtakes a long time. Moreover,
leaf or seedextracts cannotbe storedfor long
periods. In the presentinvestigation,EC for-
mulations of neem and pungam oils retained
their efficacy againstH. oryzae and P. oryzae
underin vitro conditionseven after 9 monthsof
storage. Inhibition of S. oryzae by neemleaf
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extractandof Drechslera oryzae by pungamleaf
extract (2), and control of rice sheathrot with
neemoil and neemkernel cake extract applied
to the foliage (4,9), along with reduction in
diseaseincidenceandincreasein yield (9), have
beenreported. In the presentstudy neemand
pungamoil-basedEC formulations effectively
checkedgraindiscolorationof rice. Theefficacy
of theseformulations was superior to that of
the commerciallyusedfungicide, carbendazim.
The effectivenessof theseformulationspertains
to material basedon neemor pungamoil, but
they contain additional materialswhich might

be biologically active, like soap,citric acid and
acetic acid. The novelty of the presentstudy
consists in demonstratingthe efficacy of EC
formulationsof neemand pungamoils both in
vitro andin vivo – in field experiments– against
H. oryzae and P. oryzae, the major pathogens
of grain discolorationdiseaseon rice. Unlike
the chemicalpesticides,theseformulationsare
eco-friendlyandeasilybiodegradable;moreover,
they retainedtheirefficacy evenafter9 monthsof
storage,which deserves considerationfor com-
mercialproduction.

TABLE 1. Effect of EC formulationsof neemoil (NO) andpungamoil (PO) on radial growth of
Helminthosporium oryzae (H.o.) andPyricularia oryzae (P.o.) andtheir shelf-life

Ageof the
formulationin
storage(days)

Mycelial growth (cm)

NO 60EC (A) NO 60EC (C) NO+PO60EC (C) Carbendazim Control
H.o. P.o. H.o. P.o. H.o. P.o. H.o. P.o. H.o. P.o.

0 5.4c 2.0b 4.4bc 2.7ab 2.8c 3.0b 0.7a 0.7a 9.0b 8.4a
60 5.3bc 1.8a 4.2a 2.6a 2.6b 2.9ab 0.7a 0.7a 8.8a 8.5a

120 5.0a 2.1bc 4.3ab 2.7ab 3.0d 2.8a 0.7a 0.7a 8.9ab 8.4a
180 5.5d 2.2c 4.3ab 2.8b 2.2a 2.8a 0.7a 0.7a 8.9ab 8.6b
270 5.2b 1.9ab 4.5c 2.8b 2.6b 2.9ab 0.7a 0.7a 8.8a 8.6b

Within columns,meansfollowedby a commonletterdo not differ significantly(P=0.05)accordingto Duncan’s
Multiple RangeTest.

TABLE 2. Effectof neemoil (NO) andpungamoil (PO)emulsionson graindiscolorationin rice

Treatments Percentdiseaseincidence
Coimbatore
Kharif
(1996)

Tirur
Kharif
(1996-97)

Tirur
Rabi
(1996-97)

NO 60EC(A) 30ml/l 3.0(9.97)b 4.2(11.0)a 11.1(19.01)a
NO 60EC(C) 30ml/l 3.0(9.97)b 3.9(11.4)a 10.6(18.7)a
NO+PO60EC (C) 30ml/l 2.1(8.33)a 9.8(18.2)bc 12.3(20.25)a
Carbendazim1 g/l 3.2(10.30)b 7.8(16.2)b 18.0(24.98)b
Control 5.6(13.69)c 12.6(20.25)c 18.5(23.86)b

Within columns,meansfollowedby a commonletterdo not differ significantly(P=0.05)accordingto Duncan’s
Multiple RangeTest.Datain parenthesesarearcsinetransformedvalues.

[This work formedpartof aprojectsponsoredby theDept.of Biotechnology, Govt. of India.]
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